Purpose. To retrospectively evaluate factors leading to total hip arthroplasty (THA) in patients with subchondral insufficiency fractures (SIF) of the femoral head. Methods. 5 men and 22 women aged 51 to 85 (mean, 72) years with SIF of the femoral head initially underwent conservative treatment. THA was later performed for 13 patients, as the hip pain became worse secondary to joint space narrowing and/ or femoral head collapse. Patient demographics and radiological variables were retrieved. Risk factors leading to THA in patients with SIF of the femoral head were identified. Receiver operating characteristic curves were used to determine optimal cut-off values for the significant risk factors. Results. 2 men and 11 women aged 62 to 85 (mean, 74.9) years underwent THA and were followed up for 0.2 to 62 (mean, 13) months. The remaining 3 men and Risk factors leading to total hip arthroplasty in patients with subchondral insufficiency fractures of the femoral head Keita Miyanishi, Kohei Ishihara, Seiya Jingushi, Takehiko Torisu Department of Orthopaedic Surgery, Kyushu Rosai Hospital, Kitakyushu, Japan Address correspondence and reprint requests to: Dr Keita Miyanishi, Department of Orthopaedic Surgery, Kyushu Rosai Hospital, 1-3-1, Kuzuharatakamatsu, Kokuraminami-ku, Kitakyushu, 800-0296, Japan. E-mail: keitam@major.ocn.ne.jp 2010;18(3):271-5 11 women aged 51 to 81 (mean, 68) years underwent conservative treatment and were followed up for 9 to 93 (mean, 28) months. Patient age was the only risk factor for THA (p=0.047, odds ratio=1.13), the cutoff value being 71 years (sensitivity, 77%; specificity, 64%). The survival rate was significantly lower in patients aged ≥71 years than in those aged <71 years (p<0.05). Conclusion. Elderly patients with SIF of the femoral head are at higher risk of undergoing THA. 
INTRODUCTION
Subchondral insufficiency fractures (SIF) of the femoral head in osteoporotic elderly patients often manifest as acute hip pain, without any obvious antecedent trauma. [1] [2] [3] [4] [5] [6] Such fractures are easily missed on radiographs; magnetic resonance imaging (MRI) Sharp angle, 9 the acetabular-head index, 10 and pelvic tilt 11 on a supine anteroposterior radiograph (Fig.  1 ). The pelvic tilt was measured using the formula: (angle of pelvic tilt)=(height of obturator foramen)/ ([teardrop distance]×A−B), where A=207.0 and B=32.0 in female subjects and A=137.4 and B=23.1 in male subjects (Fig. 1) . 11 The calculated angle indicates how much it tilts backward from a neutral position. All demarcations and reference points, including the lateral acetabular margin and a distal point of the tear drop, were marked on a radiograph based on a consensus by 2 investigators, and the actual measurements made.
The location and length of the subchondral low intensity bands on T1-weighted coronal MRIs were classified, based on the modified diagnostic criteria for idiopathic osteonecrosis of the femoral head (Fig.  2) . 12 In type-A and -B lesions, the band occupies the medial one, and two thirds or less of the weightbearing portion of the acetabulum, respectively. In findings are characterised by diffuse low signal intensity on T1-weighted images and high signal intensity on T2-weighted images (bone marrow oedema pattern) in the femoral head to neck. Presence of a subchondral linear or serpiginous pattern of low signal intensity on T1-weighted MRI corresponds histologically to such fractures. 2, [4] [5] [6] Some such fractures resolve spontaneously following conservative treatment, including protected weight bearing, 1, 3 but in others the hip joint space rapidly disappears and/or the femoral head collapses and necessitates total hip arthroplasty (THA).
2,4-6 We retrospectively evaluated factors leading to THA in patients with SIF of the femoral head. The diagnosis of SIF was based on (1) hip pain that began without any apparent history of trauma; (2) radiographs that were normal or showed collapse of the femoral head; (3) a bone marrow oedema pattern in the femoral head and/or neck on MRI; and (4) a subchondral low signal intensity band on T1-weighted MRIs, which was either serpiginous or parallel to the articular surface. [1] [2] [3] [4] [5] [6] Radiographic analyses included the Singh index 8 as a marker for osteoporosis and measurements of the type-C1 and -C2 lesions, the band occupies more than the medial two thirds of the weight-bearing portion, without and with lateral extension to the acetabular edge, respectively.
MATERIALS AND METHODS

Between
Risk factors leading to THA in patients with SIF of the femoral head were identified using univariate and multiple logistic regression analyses. Gender proportion, side of fracture, and the location of the low intensity band on MRIs of patients undergoing THA or not were compared using the Fisher's exact test. Patient age, body mass index, Singh index, Sharp angle, acetabular-head index, pelvic tilt, and length of the low intensity band on MRI in the 2 groups were compared using the unpaired Student's t-test. The relative contribution of the variables to THA was analysed using a multiple logistic regression analysis with a stepwise variable selection. Receiver operating characteristic (ROC) curves were used to determine the optimal cut-off value of significant risk factors. 13 This involved plotting the true-positive rate (sensitivity) against the false-positive rate (1-specificity). Each point on the ROC plot represents a sensitivity/specificity pair corresponding to a particular decision threshold.
A Kaplan-Meier curve was produced with a threshold level of highest sensitivity/specificity Figure 3 An 81-year-old woman with total hip arthroplasty for a subchondral insufficiency fracture of the femoral head showing: (a) collapse of the right femoral head and preservation of the joint space on a radiograph, (b) a diffuse area of low signal intensity in the femoral head and neck within which there is a linear low signal intensity pattern in the subchondral area (arrows) on a T1-weighted magnetic resonance image (MRI), and (c) a corresponding subchondral linear pattern of low signal intensity on a T2-weighted MRI. An area of diffuse high signal intensity is noted in the femoral head and neck.
(a) (b) (c)
combination on the ROC curve for any parameter that could predict THA. Statistical significance was evaluated by the log rank test; a p value of <0.05 was considered significant.
RESULTS
2 men and 11 women aged 62 to 85 (mean, 75) years underwent THA and were followed up for 0.2 to 62 (mean, 13) months. All showed joint space narrowing (n=7), collapse of the femoral head (n=5) or both (n=4), but osteophyte formation was relatively poor (Fig. 3) . The remaining 3 men and 11 women aged 51 to 81 (mean, 68) years underwent conservative treatment and were followed up for 9 to 93 (mean, 28) months. Their mild hip pain did not disturb activities of daily living. Only 3 of these 14 patients had joint space narrowing and/or collapse of the femoral head.
A univariate analysis showed a significant difference in patient age between the conservative and THA groups (p=0.04, Table 1 ). The multiple logistic regression analysis with stepwise variable selection showed that patient age significantly influenced the risk of THA (p=0.047, odds ratio=1.13, Table 2 ). Based on the ROC curve, the cut-off point (corresponding to the highest sensitivity/specificity combination) for patient age was 71 years (sensitivity, 77%; specificity, 64%; Fig. 4) .
The survival rate was significantly lower at any time point in patients aged ≥71 years than in those aged <71 years (p<0.05, Fig. 5 ).
DISCUSSION
The prognosis of SIF of the femoral head may depend on the extent of the fracture, degree of osteoporosis, body weight, initial treatment, and activity level. 4, 5, 14 Protected weight bearing enabled successful resolution of hip pain, 1, 3 and should be used as initial Figure 4 Receiver operating characteristic curves for patient age showing the optimal cut-off point of 71 years (arrow), with the highest sensitivity/specificity combination. The proportion of bone union decreases with increasing age in patients with femoral neck fractures. 16 Transverse fractures of the tibial shaft in men need a longer time to heal with increasing age. 17 Incomplete fracture healing in older patients with SIF of the femoral head is accompanied with stress loading during walking and may result in femoral head collapse and/or joint space narrowing that necessitates THA.
In our study, THA was performed based on the extent of hip pain and radiographical deterioration, not patient age. This was supported by retrospective review of the medical records. The pain scores of all the patients in the THA group were ≤2, based on the Merle d' Aubigne and Postel hip score, whereas none in the conservative group showed a score of ≤2.
Osteonecrosis of the femoral head may show a subchondral fracture, the location and size of necrotic lesions being important for predicting femoral head collapse. 18 In our study, the location and size of the SIFs of the femoral head were not predictive factors leading to THA.
In our study, osteoporosis (Singh index) was not a significant factor leading to THA in patients with SIF of the femoral head. Nonetheless, we consider that treatment for osteoporosis, such as the administration of bisphosphonate, is beneficial for such patients, because osteoporosis is a major cause of fractures in the elderly and has been reported to contribute to SIF of the femoral head. [1] [2] [3] [4] [5] [6] The main limitation of this study was the short follow-up period in the conservative group (mean, 28 months). The symptoms in these patients may deteriorate, and the patients may then require THA. Further investigations with a longer follow-up may elucidate the role of patient age and other factors in the natural history of SIF of the femoral head.
